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Abstract   We developed 18 new microsatellite loci for 
the endangered Egyptian vulture (Neophron percnopterus). 
Microsatellite loci were screened for variation in two 
different  populations  belonging  to  separate  subspecies: 
the nominal N. p. percnopterus and the Canarian N. p. 
majorensis. Mean expected heterosygosities were respec- 
tively 0.51 and 0.46, while the mean number of alleles per 
locus was 4.7 and 3.9. These new markers allow further 
genetic studies for the endangered Canarian Egyptian 
Vulture. 
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Large avian scavengers are sharply decreasing all around 
the Old World, mainly due to human direct persecution and 
accidental poisoning and electrocution in power lines 
(Koenig 2006). Egyptian vultures (Neophron percnopterus) 
were continuously distributed from the Iberian Peninsula to 
India and from the Magreb to South Africa. At the present, 
the species has disappeared in most developed countries in 
southern Europe, Middle East  and  North Africa,  where 
only small isolated populations persist (BirdLife 2007). In 
addition, it vanished from many islands such as Cyprus, 
Crete, and Malta in the Mediterranean (Levy 1996) and 
in most of the Canarian and Cape Verde islands in the 
Macaronesia (Dona´zar  et al.  2005). The  relict  Canarian 
population  is  currently  considered  as  a  differentiated 
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subspecies (N. p. majorensis), and it is heavily threatened 
by human-induced mortality. Due to its small size, it may 
also  face  the  risks  of  inbreeding  (Dona´zar  et al  2002, 
Kretzmann et al. 2003). Here, we describe the isolation and 
characterisation of 18 microsatellites loci for conservation 
genetic analyses of the species. The development of spe- 
cies-specific DNA markers will allow the genetic 
characterisation of the surviving populations, the estima- 
tion of the possible levels of inbreeding, the genealogical 
relationships between individuals and the degree of gene 
flow between populations. 
We constructed an enriched genomic library as descri- 
bed   by   Glenn   et al.   (2000).   DNA   extractions   were 
performed from blood samples and approximately 10 lg of 
high molecular weight DNA was isolated by phenol- 
chloroform  extraction  (Sambrook  et al.  1989).  Simulta- 
neous restriction-ligation of genomic DNA was carried out 
using the RsaI restriction enzyme and double stranded 
linker-adapted primers according to Hamilton et al. (1999). 
Ligated DNA was enriched with a biotin-labelled probe 
mixture consisting of (GT)10   and (CT)10   at 10 lM  each. 
DNA fragments with repetitive sequences were then 
selectively captured by streptavidin-coated Dynabeads 
(Oxoid) and separated by a magnetic field. Enriched DNA 
was eluted in 200 ll  dH2O from the magnetic beads and 
concentrated by vacuum centrifugation to a final concen- 
tration  of  *100 ng/ll.  DNA  was  then  reamplified  by 
polymerase chain reaction (PCR), purified and ligated into 
a cloning vector using pGEM-T Easy Vector II (Promega). 
A total of 750 positive clones were screened and checked 
for inserts using ABI PRISM BigDye Terminator Cycle kit 
(Applied  Biosystems)  and  resolved  on  an  ABI  3100 
Genetic Analyser (Applied Biosystems). Primer pairs for 
88  potentially  usable  microsatellite  loci  were  designed 
using the software package Primer3. Polymorphism was 
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Table 1  Details of the 18 microsatellite markers developed in the study. GenBank Accession number, 50 ?30  Forward and Reverse primer sequence, MP numbers indicate loci sharing 
multiplex PCR reactions, touch-up annealing temperature (Ta), final MgCl2  concentration (Mg) and number of cycles 
 
Locus Repeat motif AccesionNo Left primer sequence (50 –30 ) Right primer sequence (50 -30 ) MP Ta (°C) Cycles Mg 
(mM) 
Np38 (GT)11GG(GA)6 EU195837 VIC-GCAGGGACAGGGACTAGAAAGCAA AGAAACTTGCCCACAAAGTGAGGA  58–60 6/22 1.75 
Np39 (CA)17 EU195847 FAM-TATCCCTCTGTCCCCCTTTT AGAATGGGAAGGTGCTCTTG 1 50–52 7/23 2.5 
Np51 (GT)10 EU195850 VIC-TTGCAATTACTGCGCTATCC GTGGATATTCGTGCCCACAT 1 50–52 7/23 2.5 
Np78 (CA)10 EU195854 NED-GGCTATTCATGGGCATTTTG CCTCCAATTTTATGCCCATC 2 50–52 6/22 2.5 
Np93 (CA)3TC(CA)8G(TA)6 EU195855 FAM-TGGATGTGTGATCTGACTTGAA GGTCAGAGGATGGGAAAGGT 2 50–52 6/22 2.5 
Np140 (GT)17 EU195848 FAM-TGCTCAAGGAGGATGTTTCC GCATTGCAACAGTCTGGAAC 3 50–52 6/22 2.5 
Np141 (CA)18 EU195856 FAM-GGAAGCCAATGAAAGCTCAG ACACATTTGCTGTGGTCTGG 4 51–53 6/22 2 
Np151 (CA)9 EU195843 PET-AATGAGGAAGGAACGTCGTG GGTTTTGGGGTTGGGTTTT  53–55 10/28 1.75 
Np155 (CA)11 EU195838 FAM-TTATCACAAAGCCCTCTTGCACAC ATAGCCACCGAGGAATGCAAAGAG 5 52–54 6/22 1.75 
Np163 (GT)6TT(GT)8 EU195839 FAM-ACCATTCCTTAAGATTGAGAACAC CATGCAGGACAGGAAAACAAATAG 6 53–55 6/22 1.75 
Np166 (CA)11 EU195840 FAM-TGCAGTCAAACAGAGTAAAAGG CTAGCTCCACACTGAGACACAA 5 52–54 6/22 1.75 
Np229 (CTAT)5CTAC(CTAT)4 EU195844 NED-AGGCACCTCACTGACACGTA AACAAAAATCCCGTATCACGA 6 53–55 7/24 1.75 
Np238 (GT)11 EU195841 FAM-TATTGGTGTGTCTGCGTG TGGCCACCTTTTGTAAACAC 4 51–53 7/25 2 
Np244 (GT)17 EU195842 PET-ACAACACAAGAATACCCTGTCTG AGCTCTCGAACTGGGACTGA  52–54 6/22 1.75 
Np249 (GT)12 EU195858 PET-TTTCCCCTTCCTTTCTCCAC CCGACAGGGAGAGACAAATC 1 50–52 7/23 2.5 
Np257 (TA)4(TG)8(TA)2 EU195851 PET-GATTGTCAGGGGTTGCTCAT CTAGCGCCATTTGTGAAGGT  50–52 6/22 2 
Np259 (TG)10 EU195852 FAMAAAATGAGTGAAAATAACAAGTAGC CTGGAAGAGGTCTGCATTAAAA 3 50–52 6/22 2.5 
Np296 (GT)14 EU195845 FAM-CATACGCCTCTTCCTTCTGC CCATGGCCAGCTATTGATCT 5 52–54 6/22 1.75 
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Table 2 Summary of the cross-subspecies amplifications of Egyptian 
vulture specific microsatellite markers tested on one population from 
the Navarra (North Iberian Peninsula, N. percnopterus percnopterus), 
and   the   population   from   Canary   Island   (Fuerteventura,   N. 
percnopterus majorensis). Number of alleles (NA), size of the PCR 
product amplified (size range), observed Heterozygosity (Ho), 
expected Heterozygosity (He) and inbreeding coefficient (FIS) 
 
Locus N. percnopterus percnopterus (N = 30) N. percnopterus majorensis (N = 30) 
 
Na Size range (pb) Ho  He  FIS  Na Size range (pb) Ho  He  FIS 
 
Np38 2 313–315 0.033 0.033 -0.017 2 313–315 0.100 0.095 -0.053 
Np39 11 276–310 0.900 0.891 -0.011 9 276–304 0.724 0.787 0.080 
Np51 4 143–155 0.233 0.215 -0.085 2 143–153 0.133 0.124 -0.071 
Np78 5 307–316 0.633 0.514 -0.232 3 313–316 0.643 0.536 -0.199 
Np93 4 242–248 0.767 0.653 -0.174 3 242–248 0.310 0.344 0.098 
Np140 3 396–400 0.500 0.506 0.012 3 396–400 0.333 0.459 0.274 
Np141 4 290–300 0.552 0.666 0.172 2 298–299 0.261 0.287 0.092 
Np151 2 132–136 0.100 0.095 -0.053 2 132–136 0.233 0.206 -0.132 
Np155 7 349–355 0.700 0.653 -0.071 6 350–355 0.667 0.657 -0.014 
Np163 4 228–236 0.467 0.568 0.178 6 226–236 0.600 0.689 0.129 
Np166 6 190–200 0.567 0.779a 0.273 6 190–200 0.433 0.749a 0.422 
Np229 7 171–187 0.900 0.783 -0.149 5 171–183 0.767 0.726 -0.056 
Np238 5 150–164 0.233 0.534a 0.563 3 150–162 0.500 0.649 0.230 
Np244 5 170–180 0.467 0.654 0.286 3 172–176 0.276 0.499a 0.447 
Np249 4 237–245 0.400 0.512a 0.218 5 235–245 0.767 0.735 -0.043 
Np257 2 108–110 0.033 0.033 -0.017 1 108    
Np259 3 123–129 0.600 0.660 0.091 3 123–129 0.233 0.263 0.112 
Np296 7 168–188 0.700 0.728 0.038 7 172–188 0.897 0.768 -0.167 
a   Significant heterozygote deficits in exact test of Hardy–Weinberg equilibrium after correction for multiple tests 
 
 
 
tested by multiplex PCR reactions performed in 20 ll total 
volume, which include 50 ng of DNA, 2 mM of MgCl2, 
0.25 lM  of  each  primer,  200 lM  dNTP’s,  1x  reaction 
buffer [75 mM Tris–Hcl, 20 mM (NH4)2SO4] and 0.5 units 
Taq polymerase (BIOTAQ). Reaction conditions were as 
follows: an initial denaturation step of 5 min at 95°C, 6 
cycles consisting of 45s at 92°C, 45s from 48 to 56°C 
depending on each microsatellite, and 45s at 72°C followed 
by an additional 22 cycles consisting of 30s at 92°C, 30s 
from 52 to 58°C according the marker and 30s at 72°C 
(Table 1).  Microsatellite  variability  was  assessed  in  30 
individuals from Fuerteventura Island (Canary Island) and 
30 from the Navarra population (north of Spain). Individ- 
uals were genotyped by assessing allele size on an ABI 
3100 Genetic Analyser (Applied Biosystems) using for- 
ward primers labelled with FAM (Sigma) and NED, PET 
and VIC (Applied Biosystems). Allele scoring was carried 
out using the GENEMAPPER software version 3.5 
(Applied Biosystems). 
The program MICROCHECKER version 2.2.3 (van 
Oosterhout et al. 2004) was used to identify possible null 
alleles, large allele dropout, scoring error due to stutter 
peaks, and possible typographic errors. Deviations from 
Hardy–Weinberg  equilibrium,  heterozygote  deficits  and 
linkage disequilibrium were tested using the program 
GENEPOP 3.4 (updated version 1.2 described in Rousset 
and Raymond 1995). 
The presence of null alleles was detected for two loci 
(Np166 and Np244). These two loci showed deviation from 
Hardy–Weinberg Equilibrium after correction for multiple 
tests in the Canarian sample, but only the Np166 in the 
Spanish sample, together with the Np238. A single pair of 
loci was significantly linked in both samples after correc- 
tion    for   multiple   comparisons   (Np302   and   Np39 
P \ 0.00001). Thus, in the final analysis, the less poly- 
morphic marker (Np302, Acc.No: EU195846) was 
excluded. Three of the 22 amplified microsatellites were 
monomorphic in both populations (Np122, Acc.No: 
EU195849), Np175 (Acc.No: EU195857) and Np240 
(Acc.No: EU195853) and thus, also excluded. 
The mean numbers of alleles per locus for the two 
sampled populations were 4.7 and 3.9 and the mean 
expected heterosygosities were 0.51 and 0.46 (Spanish and 
Canarian  respectively)  (Table 2).  The  apparently  lower 
values of heterozygosity and number of alleles found in the 
Canarian Island suggest that this population may suffer 
inbreeding depression as previously proposed (Kretzmann 
et al. 2003). 
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